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E/DSSHHQUDQWD8QLYHUVLW\RI7HFKQRORJ\/DSSHHQUDQWD)LQODQG
$EVWUDFW
,QWKHODVWGHFDGHVYLGHRFDSWXULQJWHFKQRORJ\KDVEHFRPHLQH[SHQVLYHJRRGTXDOLW\DQGWKXVEURDGO\XVHG9LGHRFDPHUDVDUH
FXUUHQWO\ RQH RI WKH LQH[SHQVLYH VHQVRUV JLYLQJ ODUJH DPRXQW RI PHDQLQJIXO GDWD 7KLV SDSHU IRFXVHV RQ WKH XVDJH RI DQ
DXWRPDWHGYLGHREDVHG V\VWHP IRU WXUQLQJ WRROV EDVHSODQHZHDU DVVHVVPHQW3DSHUSUHVHQWV DOJRULWKPV DQG LPDJHSURFHVVLQJ
URXWLQHV UHTXLUHG IRU VXFFHVVIXO LPSOHPHQWDWLRQ RI VXFK D V\VWHP 3UHVHQWHG V\VWHP FRQVLVWV RI D 86% FDPHUD ZLWK 9*$
UHVROXWLRQFRPELQHGZLWK VRIWZDUH WRROV UHTXLUHG WRSHUIRUP WRROZHDUDQDO\VLV3LFWXUHDFTXLVLWLRQDQGDQDO\VLV VRIWZDUHZDV
GHYHORSHG XVLQJ 9LVXDO %DVLF $QDO\VHV FDQ EH FRQGXFWHG RQ VHOHFWHG UHJLRQV RI WKH LPDJH 6RIWZDUH LV FDSDEOH RI LPDJH
VHJPHQWDWLRQDLPHGDWDXWRPDWHGWRROLGHQWLILFDWLRQLQWKHLPDJHDVZHOODVDVVHVVLQJJHRPHWULFDOSDUDPHWHUVRIWKHWRROV¶FXWWLQJ
HGJHLQWKHEDVHSODQH3URJUDPXVHVNQRZOHGJHEDVHIRUWRROV¶ZHDULGHQWLILFDWLRQ7KHSUHVHQWHGPHWKRGKDVEHHQYHULILHGWR
VKRZYDOLGLW\RIWKHFRQFHSW7KHFRQFHSWZDVIRXQGWREHRISUDFWLFDOLPSRUWDQFHDQGDOVRFRQYHQLHQWDVDWRROIRUWHDFKLQJ

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGVSLFWXUHDQDO\VLVRSWLFDOPHDVXUHPHQWVWXUQLQJWRROV86%FDPHUDWRROZHDU
,QWURGXFWLRQ
0HDVXUHPHQWWHFKQLTXHVEDVHGRQLPDJHDUHFXUUHQWO\ZLGHO\XVHG>@,WVSRSXODULW\LVPRVWO\DVVRFLDWHGZLWK
WKHGHYHORSPHQW LQ LPDJHSURFHVVLQJ DOJRULWKPV FRQVWDQWO\ LPSURYLQJ LPDJHTXDOLW\ZLWK ORZHULQJSULFHVRI WKH


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GLJLWDO FDPHUDV DQG GHYHORSPHQW LQ WKH FRPSXWLQJ SRZHU RI FXUUHQW GHVNWRS DQG ODSWRS FRPSXWHUV $QDORJXH
FDPHUDVZKLFKKDVEHHQXVHGLQWKHSDVWUHTXLUHGGLJLWL]DWLRQKDUGZDUHWRWUDQVIHULPDJHGDWDWRDFRPSXWHU7KLV
REVWDFOHKDVEHHQDOOHYLDWHGZLWKWKHPRGHUQGLJLWDOFDPHUDVZKLFKRXWSXWLVGLUHFWO\XVDEOHRQ3&'LJLWDOFDPHUDV
FRPELQHG ZLWK VRIWZDUH FUHDWHG D SRVVLELOLW\ WR SURJUHVV WR QHZ DSSOLFDWLRQV RI LPDJH EDVHG VHQVLQJ >@
$SSOLFDWLRQV LQFOXGH DPRQJ SLFWXUH UHFRJQLWLRQ SURFHVVHV >@ DOVR PHDVXUHPHQW GHYLFHV >@ 5HVROXWLRQ DQG
SLFWXUHTXDOLW\RI HYHQ VLPSOH86%FDPHUDV DOORZV IRUZLGH UDQJHRI WKHLU DSSOLFDWLRQV0RVWO\GXH WRKLJKGDWD
WUDQVPLVVLRQ UDWH DQG UHODWLYHO\ ORZ FRVW RI HYHQ KLJK GHILQLWLRQ FDPHUDV >@ ,PDJH TXDOLW\ GHSHQGV
PRVWO\RQWKHVHQVRUW\SHXVHGLWVUHVROXWLRQPDWUL[VL]HDQGWKHTXDOLW\RIRSWLFV6HFRQGDULO\LWDOVRGHSHQGVRQ
WKHEXLOWLQVRIWZDUHLPDJHHQKDQFHPHQWDOJRULWKPV6HOHFWLRQRIWKHULJKW]RRPYDOXHHQDEOHVWRLQFUHDVHVHQVLWLYLW\
RI WKHGHYLFH WRGHWDLOV E\ H[SDQGLQJ IHDWXUH UHVROXWLRQ WR D YDOXH FORVH WR WKHPDWUL[ VL]H UHVROXWLRQ >@3LFWXUH
HQKDQFHPHQWDOJRULWKPVDOORZWRDOOHYLDWHSUREOHPVUHODWHGWRLQH[SHQVLYHSODVWLFRSWLFVRUQRLVHUHODWHGWRLPDJH
PDWUL[FURVVWDON,PDJHEDVHGPHDVXUHPHQWVDUHDSSOLFDEOHWRPDQ\WHFKQRORJLFDOSURFHVVLQFOXGLQJ
x WRROZHDU>@
x VXUIDFHTXDOLW\PHDVXUHPHQWV>@
x '>@'>@DQG'>@JHRPHWULFDOPHDVXUHPHQWV
x 'VXUIDFHRUPRWLRQUHFRQVWUXFWLRQXVLQJSKRWRJUDPPHWULFPHWKRGV>@
x FRXQWLQJREMHFWVRUIHDWXUHV>@
8VHRIVXFKWHFKQLTXHVFDQEHFRPELQHGWRJHWKHUZLWKDUWLILFLDOLQWHOOLJHQFHHJQHXUDOQHWZRUNVIRUWRROZHDU
DQDO\VLV>@
7KLV ZRUN SUHVHQWV LPDJHEDVHG WXUQLQJ WRROV PHDVXUHPHQW V\VWHP FRPELQHG ZLWK NQRZOHGJHEDVH WRROV
UHFRJQLWLRQ 7KH ZRUN KDV EHHQ GRQH DW 'HSDUWPHQW RI 3URGXFWLRQ (QJLQHHULQJ RI 8QLYHUVLW\ RI 6FLHQFH DQG
7HFKQRORJ\LQ%\GJRV]F]3RODQGLQFRRSHUDWLRQZLWKWKH/DERUDWRU\RI0DFKLQH'HVLJQ/DSSHHQUDQWD8QLYHUVLW\
RI7HFKQRORJ\/DSSHHQUDQWD)LQODQG

1RPHQFODWXUH
3U EDVHSODQHRIWRRO¶VJHRPHWU\ 
NUDQGNUFXWWLQJVLGHDQJOH   >GHJUHH@
E WRROKROGHUZLGWK   >PP@
$$%%SRLQWVRQWRRO¶VHGJH
[$\$[$\$FRRUGLQDWHVRIHGJHSRLQWV  >PP@
& WLSRIWKHFXWWLQJHGJH
I WRRO¶VWLSFRRUGLQDWH   >PP@
''SRLQWVRQWRRO¶VKROGHU
['\'['\'FRRUGLQDWHVRIWRRO¶VKROGHU >PP@
SSSVHFDQWOLQHVRIWRROFRQWURO
OU UHDOVL]HRIREMHFW   >PP@
OV VL]HREMHFWRQVFUHHQ   >PP@
]RRP[ PDJQLILFDWLRQRIWKHWRRO
ݍ݌ݔ௘௣௦FDOFXODWHGSDUDPHWHUV

0DWHULDOVDQGPHWKRGV
3ULQFLSOHVRIWXUQLQJWRROPHDVXUHPHQWV
)RUWKHPHDVXUHPHQWRIWKHJHRPHWU\DQGGLPHQVLRQVRIWKHWXUQLQJWRROHGJHVDUHLPDJHGZLWKDFDPHUD,QWKH
PHDVXUHPHQWSURFHGXUH LWZDV DVVXPHG WKDW WKH WRROKROGHUZDVSHUSHQGLFXODU WR WKH FDPHUDRSWLFDO D[LV7RRO¶V
FXWWLQJHGJHVDQJOHVPHDVXUHPHQWVGHSHQGRQGHILQLQJFRRUGLQDWHVRIOLQHVSDQGSDQGWKHLULQWHUVHFWLRQVZLWKWKH
FXWWLQJHGJH)LJ+DYLQJFRRUGLQDWHVRISRLQWV$%DQG$%LWLVSRVVLEOHWRGHILQHWRRO¶VFXWWLQJDQJOHV

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NUDQGNU:LGWKRIWRRO¶VKROGHULVDGLVWDQFHEHWZHHQLQWHUVHFWLRQSRLQWRQWKHOLQHSZLWKKROGHUVERG\RXWOLQH
)LJVWHSVDQG
,GHQWLILFDWLRQRIWRROV¶DQJOHVKDVWREHGHILQHGZLWKUHVSHFWWRWKHVXUIDFH3U$QJOHVNUDQGNUFDQEHFRPSXWHG
WKHQXVLQJWKHIROORZLQJHTXDWLRQV
௬ಳభି௬ಲభ
௫ಳభି௫ಲభ ൌ ݐܽ݊ሺߢ௥ଵሻ  
ߢ௥ଵ ൌ ܽݎܿݐܽ݊ ቀ௬ಳభି௬ಲభ௫ಳభି௫ಲభቁ  
ߢ௥ଶ ൌ ܽݎܿݐܽ݊ ቀ௬ಳమି௬ಲమ௫ಳమି௫ಲమቁ  
7RROKROGHUZLGWKܾFDQEHREWDLQHGXVLQJWKHIROORZLQJUHODWLRQVKLS
ܾ ൌ ሺݔ஽ଶ െ ݔ஽ଵሻ ή ݖ݋݋݉௫   
7RRO¶V WLS FRRUGLQDWH݂FDQ EH HYDOXDWHG XVLQJ HTXDWLRQ  ZKHUH SDUDPHWHUVݍ݌ DQGݔ௘௣௦ DUH GHILQHG LQ
HTXDWLRQVDQGUHVSHFWLYHO\

)LJ6WHSVRIHGJHPHDVXUHPHQWLQWKH3USODQH
ݍ ൌ ௬ಳభି௬ಲభ௫ಲభି௫ಳభାଵ  
݌ ൌ ௬ಳమି௬ಲమ௫ಳమି௫ಲమାଵ  
ݔ௘௣௦ ൌ ௤ή௫ಲభି௬ಲభା௬ಳభି௣ή௫ಲమ௤ି௣   
݂ ൌ ݔ௙ െ ݔ௘௣௫  
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0HDVXUHPHQWV\VWHP
6\VWHP XVHV D86% FDPHUD &0269*$  [ UHVROXWLRQ DV DQ LPDJH DFTXLVLWLRQ GHYLFH VHH )LJ 
&DPHUDLVFRQQHFWHGWRDFRPSXWHUWKDWXVHVVHOIGHYHORSHGVRIWZDUHLQ9LVXDO%DVLFIRULPDJHDFTXLVLWLRQDQG
DQDO\VLV &DOLEUDWLRQ RI FDPHUDPDNHV LW SRVVLEOH IRU YLGHRRSWLFDO PHDVXUHPHQWV RI OLQHDU GLPHQVLRQV RQ D IODW
VXUIDFH9DOXHRIFDOLEUDWLRQIDFWRUGHSHQGVRQWKHGLVWDQFHEHWZHHQZRUNSLHFHVXUIDFHDQGWKHFDPHUD7KHYLGHR
RSWLFDO PHDVXUHPHQW DFFXUDF\ GHSHQGV RQ WKH FDPHUD¶V UHVROXWLRQ DQG RSWLFDO ]RRP IDFWRU >@ 2SWLFDO ]RRP
DOORZVPDJQLI\WKHREMHFWLQWKHILHOGRIYLHZWKHVL]HFORVHWRWKHFDPHUD¶VVHQVRUGLPHQVLRQ'LJLWDOPDJQLILFDWLRQ
RIWKHLPDJHDOORZVIRUDGGLWLRQDOPDJQLILFDWLRQ
%HWZHHQ WKH UHDO VL]H RI WKH REMHFW OU DQG LWV LPDJH UHSUHVHQWDWLRQ RQ VFUHHQ OV D UHODWLRQVKLS LV GHILQHG LQ
HTXDWLRQ
]RRPOUOV     
'LPHQVLRQOVLQFUHDVHZLWKFDPHUDUHVROXWLRQDQGRSWLFDO]RRP7KHDFFXUDF\RIVFUHHQPHDVXUHPHQWLVGVDQG
GHSHQGVRQSL[HOVL]H7KHDFFXUDF\RIYLGHRRSWLFDOPHDVXUHPHQWVRIWKHUHDOREMHFWGULVGHILQHGLQHTXDWLRQ
]RRPGVGU    
7KLVUHODWLRQLVLOOXVWUDWHGDW)LJLQWKHH[DPSOHIRUGV PP9DOXHRIGUGHFUHDVHZLWKXVLQJPLFURVFDOH
]RRP!DQGVWURQJO\LQFUHDVHLQPDFURVFDOH

)LJ(IIHFWRI]RRPRQPHDVXUHPHQWDFFXUDF\








)LJ6FKHPDWLFVRILPDJHEDVHGFXWWLQJWRROPHDVXUHPHQWV\VWHP
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)XUWKHUPRUH E\ DQDO\VLV RI HGJHV EULJKWQHVV LPDJH UHVROXWLRQ FDQ EH XSVDPSOHG WR DOORZ IRU VXESL[HODU
IHDWXUHVWREHGHWHFWHG>@6SHFLDOSKRWRJUDPPHWU\PHWKRGVOLNHIRULQVWDQFHELFXELFVFDOLQJWRJHWKHUZLWKD
SUHFLVHO\FDOLEUDWHGFDPHUDFDQLQFUHDVHDFFXUDF\RIWKHPHDVXUHPHQWVXSWRRIDSL[HO>@)LJXUHVKRZVD
YLHZRIWKHWHVWVWDQG7KHDGGLWLRQDODGMXVWDEOHODPSHQDEOHVFRQYHQLHQWREMHFWOLJKWLQJ


)LJ9LHZRIVHWXS
6RIWZDUHIRULPDJHEDVHGPHDVXUHPHQWRIWXUQLQJWRROV
%DVHGRQHTXDWLRQVWRDFRPSXWHUSURJUDP7RRO0HDXVLQJ9%ZDVGHYHORSHGIRUFXWWLQJHGJHJHRPHWU\
PHDVXUHPHQWVVHH)LJIRUVFUHHQVKRW


)LJ0DLQZLQGRZRI7RRO0HDVRIWZDUHIRUFXWWLQJDQJOHPHDVXUHPHQWV
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7KH VRIWZDUH DOORZV IRU LPDJH DFTXLVLWLRQ IURPD86%FDPHUD DQGRQOLQH LPDJHSUHYLHZ ,PDJH LV VDYHGRQ
GHPDQGZKHQVHWWLQJXSRIWKHFXWWLQJHGJHLVGRQH,QDGGLWLRQWRFDPHUDLPDJHDQDO\VLVVRIWZDUHDOORZVDOVRWR
SURFHVVVDYHGLPDJHV,QHDFKFDVHFDPHUDFDOLEUDWLRQGDWDQHHGWREHVXSSOLHG
,PDJHSL[HOVFRORUVDUHDQDO\]HGGXULQJWKHLPDJHVHJPHQWDWLRQVWDJHIROORZHGE\IHDWXUHUHFRJQLWLRQSURFHGXUH
WR ILQG WRRO¶V HGJHV ,QWHUVHFWLRQ EHWZHHQ OLQHV DUH IRXQG EDVHG RQ FRPSDULVRQ RI PHDVXUHG REMHFW¶V FRORU ZLWK
EDFNJURXQG %DFNJURXQG FRORU FDQ EH GHWHUPLQHG LQ WKH VRIWZDUH DQG LV XVHG DV FRQVWDQW IRU WKH ZKROH LPDJH
6OLGHUVDWWKHHGJHRILPDJHDUHDDOORZWRVHW LPDJHPHDVXUHPHQWSRLQWV$FFRUGLQJWRWKHPHDVXUHPHQWSURWRFRO
WKUHHVHFDQWVDUHXVHGWRGHWHUPLQHWRRO¶VDQJOHVVHH)LJ7ZRRIWKHVHFDQWVDUHXVHGWRGHWHUPLQHORFDWLRQRI
WKHFXWWLQJHGJHVDQGRQHWRPHDVXUHWRRO¶VKROGHUZLGWK
%HIRUH PHDVXUHPHQWV DUH SHUIRUPHG WKH V\VWHP QHHGV WR EH FDOLEUDWHG WR GHWHUPLQH SL[HO WR PP FRQYHUVLRQ
IDFWRU2EMHFWZLWKNQRZQGLPHQVLRQVFDQEHXVHGIRUWKDWSXUSRVHDVSUHVHQWHGLQ)LJ,QWKLVILJXUHH[DPSOHLV
SUHVHQWHGZLWKWKHYDOXHVREWDLQHGGXULQJFDPHUDFDOLEUDWLRQVDPSOHVL]HRQWKHVFUHHQ PP]RRP 
GU PP
7RRO LGHQWLILFDWLRQ LV SRVVLEOH ZKHQ FXWWLQJ HGJH DQJOHV DQG OLQHDU SDUDPHWHUV WRRO KROGHU¶V ZLGWK DUH
GHWHUPLQHG3DUDPHWHU I LVFDOFXODWHG LQ WKHVRIWZDUH WRR0HDVXUHPHQWSURFHGXUH LPSOHPHQWHG LQ WKH VRIWZDUH LV
SUHVHQWHGLQ)LJ
5HVXOWVVXPPDU\LVSUHVHQWHGLQWKHUHVXOWVSDQHORIWKHVRIWZDUH7KHVRIWZDUHFDOFXODWHVWRRO¶VDQJOHVߢ௥ଵߢ௥ଶ
HGJHDQJOH߳KROGHU¶VZLGWKܾDQGWLSORFDWLRQ݂%DVHGRQWKRVHSDUDPHWHUVWKHVRIWZDUHSHUIRUPVGDWDEDVHVHDUFK
IRUWRROGDWD$GGLWLRQDOPDQXIDFWXUHU¶VGDWDDUHWKHQSUHVHQWHGRQDVLGHSDQHO
5HVXOWVDQGGLVFXVVLRQ
7KHKDUGZDUHVRIWZDUHVROXWLRQSUHVHQWHGLQWKLVDUWLFOHZDVXVHGWRWHVWWXUQLQJWRROHYDOXDWLRQ$VHULHVRI
PHDVXUHPHQWVRIDVLQJOHHGJHZLWKFRQVWDQWFDPHUDORFDWLRQDQGFRQVWDQWFDOLEUDWLRQZDVSHUIRUPHG,QWKHWHVWWRRO
377153$)$1$3RODQGZLWKJHRPHWU\ NU NU H JR OV KDVEHHQXVHG(DFK
WLPH FKDQJLQJ WRRO¶V RULHQWDWLRQ DQG ORFDWLRQ LQ WKH FDPHUD¶V ILHOG RI YLHZ 7KH UHVXOWV RI WKLV H[SHULPHQW DUH
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